Using RXTE archival observations of 4U 1907+09 between MJD ∼51980 and ∼52340, we found the source, after a ∼ 0 spin-down rate episode, to be spinning-down at a rate of (−1.887 ∓ 0.042) × 10 −14 Hz s − 1 which is ∼ 0.60 times lower than the long term (∼ 14 years) spin-down rate (Baykal et al. 2001 ). Our pulse frequency measurements for the first time resolved significant pulse frequency fluctuations since the discovery of the source. We have not observed any significant change in X-ray flux and spectral parameters after the spin-down rate of the source changed. We stated that the apparent uncorrelation between the spin-down rate and the X-ray flux might be related to the fact that the source accretes not only via transient retrograde accretion disc but also via the stellar wind of the companion, so that the variation of the accretion rate from the disc does not cause significant variation in the observed X-ray flux. Lack of significant change in spectral parameters was interpreted as a sign of the fact that the change in the spin-down rate of the source is not related to a significant variation in the accretion geometry.
Introduction
The X-ray source 4U 1907+09 is an accretion powered X-ray pulsar accreting plasma from a blue supergiant companion star. Since its discovery in the Uhuru survey (Giacconi et al. 1971) , it has been observed by various X-ray observatories including Ariel V (Marshall & Ricketts 1980) , Tenma (Makishima et al. 1984) , EXOSAT (Cook & Page 1987) , Ginga (Makishima & Mihara 1992; Mihara 1995) , BeppoSAX (Cusumano et al. 1998) , XMPC (Chitnis et al. 1993) , IXAE (Mukerjee at al.2001) and RXTE (in't Zand, Baykal & Strohmayer 1998a; in't Zand, Strohmayer & Baykal 1997 , 1998b Roberts et al. 2001 ; Baykal et al. 2001) . Marshall & Ricketts (1980) determined the orbital period to be 8.38d using Ariel V observations. They also found two flares, namely a primary and a secondary each occuring at the same orbital phase, and EXOSAT and RXTE observations (in't Zand et al. 1998a,b) have clearly shown that these flares are locked to orbital phases separated by half an orbital period. Makishima et al. (1984) and Cook & Page (1987) suggested that the two flares are caused by an equatorial disc-like envelope around a companion star. When the neutron star crosses the disc, the mass accretion rate onto the neutron star increases temporarily. We expect to see two peaks while the neutron star passes twice through the accretion disc of Be star in every cycle. Using Tenma observations, Makishima et al. (1984) also found the pulse period of the source to be 437.5 sec The timing measurements from EXOSAT (Cook & Page 1987) and RXTE observations (in't Zand et al. 1998a,b; Baykal et al. 2001) showed continuous spin down of the neutron star.The source was found to be spinning down almost at a rate ofν = (−3.54 ± 0.02) × 10 −14 Hzs −1 for more than 15 years (Baykal et al. 2001) . Timing analysis of RXTE (in't Zand et al. 1998 ) and IXAE (Mukerjee et al. 2001 ) observations of 4U 1907-09 also revealed transient oscillations with periods of about 18.2s and 14.4s respectively. These transient oscillations was suggested to be related to the presence of a transient retrograde accretion disc which is also responsible for the slowing down of the pulsar.
In this paper we present the results of timing and spectral studies of archival RXTE-PCA observations of 4U 1907+09, and report a change in the spin down rate of this system.
Instrument and Observations
The Proportional Counter Array (PCA) (Jahoda et al.1996) on board the RXTE consists of five identical proportional counter units (PCUs) coaligned to the same point in the sky, with a total geometric area of approximately 6250 cm 2 and a field of view of 1 square degree, operating in the 2-60 keV energy range. The number of active PCUs is varied between one and five during the observations.Observations after 2000 May 13 belong to the observational epoch for which background level for one of the PCUs (PCU0) increased due to the fact that this PCU started to operate without a propane layer. Latest combined background models (CMs) were used together with FTOOLS 6.0 to estimate the appropriate background.
The RXTE-PCA observations used in this work are listed in Table 1 . Figure 1: Pulse arrival times and its residuals fitted to the orbital model presented in Table 2 3 Analysis and Results
Timing Analysis
In order to obtain background subtracted lightcurves, we generated the background using the background estimator models based on the rate of very large solar events, spacecraft activation and cosmic X-ray emission with the standard PCA analysis tools. Then we subtracted the source light curve obtained from the event data. The background subtracted light curves were corrected to the barycenter of the solar system and to the binary orbital motion of 4U 1907+09 around its companion. For the correction of binary orbital motion, we used the orbital parameters deduced by In 't Zand, Baykal & Strohmayer (1998a) . In the timing analysis we fold the lightcurve outside the intensity dips from long data string around 7-10 ksec on statistically independent trial periods (Leahy et al. 1983) . A template pulse profile was constructed by folding the data on the period giving the maximum χ 2 . Template pulse profile was represented by its Fourier harmonics (Deeter & Boynton 1985) and cross-correlated with the harmonic representation of average pulse profiles from each observation. The pulse arrival times are obtained from the cross correlation analysis are presented in Figure 1 . In order to estimate pulse frequency derivatives the pulse arrival times are 
Confidence intervals are quoted at the 1σ level. Orbital parameters are taken from In't Zand et al.(1997) .P orb =orbital period,a x sin i=projected semimajor axis, e=eccentricity, w=longitude of periastron.
fitted to the quadratic polynomial
where δφ is the pulse phase offset deduced from the pulse timing analysis, t o is the mid-time of the observation, φ o is the phase offset at t o , δν is the deviation from the mean pulse frequency (or additive correction to the pulse frequency), andν is the pulse frequency derivative of the source. The pulse arrival times (pulse cycles) and the residuals of the fit after the removal of the quadratic polynomial are also presented in Figure 1 . Table 2 presents the timing solution of 4U 1907+09. The pulse frequency derivative from the sequence of 19 pulse arrival times spread over 360 days was measured asν = (−1.887 ± 0.042) × 10 −14 Hz s −1 . This value approximately ∼ 0.60 times lower then previous measurements of pulse frequency derivatives which was measured over 383 days times span by Baykal et al., (2001) . In this and the previous observations Baykal et al., (2001) time span of the observations are similar (∼ over year) and in both observations posses low timing noise. However spin down rate is lowered by a factor of 0.6 times in latter observations.
In order to see the spin down trends clearly we estimate the pulse frequency histories by taking the derivatives of each pairs of pulse arrival times from the pulse arrival times of this work and previous work by Baykal et al., (2001) and presented in Table 3 and Figure 2 The whole dataset of 4U 1907+09 mentioned in previous sections was also analyzed for possible detection of any transient oscillations around ∼ 14 − 18s similar to those reported from previous RXTE (in 't Zand et al. 1998a ) and IXAE (Mukerjee at al.2001) observations. In the power spectra of 3-25 keV RXTE-PCA lightcurve, we searched for transient oscillations around ∼ 0.06 Hz in the 0.50s binned ∼ 170 lightcurve segments of length of 512s. In order to test the significance of these oscillations, we used the approach of van der Klis (1989) . As the result of this search, we found only 3 512s segments in the whole dataset with the transient oscillations of significance exceeding 5σ at MJD ∼ 50136, ∼ 51079 and ∼ 51087. Our results about transient oscillations are marginal, and therefore inconclusive. Future observations may be useful to observe and analyze possible transient oscillations of the source. Table 3 . Solid line and the residuals correspond to the previous spin-down rate found by Baykal et al. (2001) .
Analysis of the Energy Spectrum
The complete dataset of 4U 1907+09 mentioned in Section 2.1 were also analyzed to investigate whether there is any significant spectral evolution accompanied with the change in the spin down rate of the pulsar or not. Spectra, background and response matrix files were created using FTOOLS 6.0 data analysis software. Background spectra were generated using the background estimator models based on the rate of very large events, spacecraft activation and cosmic X-ray emission.
Spectral analysis and error estimation of the spectral parameters were performed using XSPEC version 11.3.2. We extracted individual 3-25 keV PCA spectra each corresponding to a single pulse period. For these spectra, energies lower than 3 keV were ignored due to uncertainties in background modelling while energies higher than 25 keV were ignored as a result of poor counting statistics. In order to take into account the X-ray background from the Galactic ridge and the nearby supernova remnant W49B, we followed the similar approach followed by Roberts et al. (2001) : We extracted overall "dip" state spectra of the source for each of the observation IDs listed in Table 1 and the corresponding background spectra. We found that the count rate and the spectral shape of the dip state spectra were consistent with the models of the diffuse emission from the Galactic ridge (Valinia & Marshall 1998) . So, these dip state observations were used as additional background spectra in spectral fits of the source spectrum. These additional background spectra were created by subtracting the corresponding dip state model background spectrum from the dip state source spectrum using "mathpha" FTOOL.
A power-law model with low-energy absorption (Morrison & McCammon 1983) , multiplied by an exponential high energy cut-off function (White, Swank & Holt 1983 ) was used to model 3-25 keV spectra of the source. We found no evidence of a statistically significant iron line emission at ∼ 6.4 keV which is consistent with the previous RXTE spectral fits (Roberts et al. 2001 ). An additional cyclotron absorption line component at ∼ 19 keV was required to fit the spectra. The parameters of cyclotron absorption line was found to be consistent with the fundamental cyclotron line parameters found from BeppoSAX observations of the source (Casumano et al. 1998) . The result of the spectral fits as a function of orbital phase were presented in Figure 3 . Sample model parameters were listed in Table 4 . From Figure 3 , it is seen that there is not any significant difference between the spectral parameters of the new data with lower spin down rate (observation with observation ID 60061 marked with triangle) and the rest of the datasets.
Conclusion
The spin-down rate of 4U 1907+09 obtained from the pulse arrival times between MJD ∼51980 and ∼52340 was found to be ∼ 0.60 times lower than both the previous RXTE measurements of spin-down rate between MJD ∼50400 and ∼50800 by Baykal et al., (2001) and the long term spin down trend of the source between MJD ∼45600 and ∼50800 (See Figure 1 in Baykal et al. 2001) . In this and the previous RXTE observations, time span of the observations were similar (∼ over year) and in both observations posses low timing noise. However spin down rate is lowered by a factor of 0.6 in latter observations. It is also interesting to observe that, the spin-down rate is consistent with zero around MJD 51000 before this significant change in spin-down rate. Our pulse frequency measurements for the first time resolved significant pulse frequency fluctuations since the discovery of the source.
The steady spin-down rate (Baykal et al. 2001 ) and the presence of occasional transient oscillations (in't Zand et al. 1998a; Mukerjee et al. 2001) in 4U 1907+09 support the idea that the source accretes from retrograde transient accretion disc. The possibility of a prograde disc for which the magnetospheric radius should be close to the corotation radius so that the magnetic torque overcomes material torque is not likely to be the case for this system (in't Zand et al. 1998a ). If the disc is retrograde and the material torque is dominant, using Ghosh& Lamb (1979) accretion disc model, a decrease in spin-down rate of the neutron star should be a sign of a decrease in the mass accretion rate coming from the accretion disc. If the disc accretion is the only accretion mechanism, this decrease in mass accretion rate should also lead to a decrease in X-ray flux of the system. However, from the X-ray spectral analysis of the source, we found no correlation between 3-25 keV flux and the change in spin-down rate (see Figure 3 ). The flux levels were about the same for observations with low spin-down rate compared to the rest of the observations. This was not our expectation if we only consider disc accretion and may be because of the fact that the total mass accretion rate is not only due to only disc accretion, but also accretion from stellar wind may contribute to the total mass accretion rate. In case of accretion from both disc and wind, the change in mass accretion rate from the accretion disc might not cause a substantial change in X-ray flux.
Since spectral parameters did not also show significant change after the spindown rate decreased (Figure 3) , the change in the spin-down rate of the source should not be related to a significant variation in the accretion geometry. New X-ray observations of the source will be useful to monitor any possible changes in the spin-down rate and its consequences. Figure 3: Evolution of 3-25 keV unabsorbed flux, Hydrogen column density, power law index, cut-off energy, e-folding energy, cyclotron peak energy and reduced χ 2 in orbital phase. Vertical dashed lines indicate the orbital phase corresponding to periastron passages. Points marked with triangles indicate latter observations (ID 60061) for which spin-down rate of the source was lower.
